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TIm  am  of  Dm  Working  Group  waa  to  acoaleralc  tke  dcedopaaenl  of  new  thaontical. 
nuoMrtcai  and  eaparmeatal  tackniquaa  in  traneonic  unataody  aaiodyaainica  and  thair 
ipplicaHon  to  airoelaetic  proNenw  of  aircrafi  loodi.  atability  and  flutter.  Tlw  iniinben 
from  m  natiom  obtamad  muncroue  ■uggaattona  from  eeroaleattciana  and  ierodynamtrtati 
in  tbair  countiMa  and  worked  dWgaatly  to  BMMd  the  rucomnwndationi  into  a  number  which 
waa  maaegiabli.  yet  conatMuted  a  eaRd  teat  of  newly  emergtng  capebiitiea.  Thia  report 
cooatitutm  thair  fhat  product,  a  atandard  aat  of  two  dmrnaional  airfoda  and  aerodynamic 
oondltiooa 


It  ia  the  hope  of  the  SMf  that  thh  efTon  wil  focua  the  parttncnt  raaaarch  ach 
of  the  NATO  nation,  eoneera'i  manpower,  computer,  wind  tuanal.  and  fh^t  tael 
and  rttmulale  frmhar  daeeiopmentt 
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I.  1kl«  MttVitT 


glvwi  ta  uUm  1  to  }.  odM*  M  alrtolU  Im««  aMlyttc  tettatttoM.  iMMwa  of  tko  ooMltlvlty  of 
traaooatc  eolcolottoao  to  olrtotl  0I0900  imtd  coroototo  for  ooaa  ■otlio4o).  coro  ofcooif  ko  takoo  to  ooooro 
tkot  lotoryolotiooo  of  tko  ■Msatfic  4oto  oro  ao  Mootk  oo  pooolklo.  Tko  ooo  of  loo-orOot  looot^oaro 
aoiyanrtilo  or  oaltoo  fooettooo  to  roooMooiok  to  aoat  too 00.  P»r  aoaoolr  total otoa  4ato.  local  fUtto 
atfforooco  forao  «ay  ka  aattafoctorr*  Mfotoaea  2  gtaoo  a  ilooaaotoa  of  tko  atrfoU  goocrtatloo  gtoklaa. 
la  aay  caoo.  oivlUtt  accooat  akoal4  ka  takaa  of  tko  igaoro  root  kakaater  at  tko  atrfoll  aaaa.  MMtaaor 
airfoil  loocrlatloa  la  actaallr  aao4  la  tko  aotiiyoMlc  aaalrala.  It  okoaia  ko  earofally  ioraaoauf  ao 
tkat  tko  calealatlooa  caa  ka  aagllcatoa  kjr  etkar  aaal^ta. 

ONBoata  oa  oack  of  tko  alrfolla  ara  tlaoa  la  tko  foUavUg  aokgaragragka .  la  tko  eaaa  of  tko  oagar- 
crltual  alrfolla.  tka  arOlaatoa  ara  gloaa  U  tka  caarOlaata  ayataa  faralakaf  kr  tka  gaalgaari  aagla  af 
attack  la  gaflaaf  to  ka  aaro  la  tkla  ayataa.  la  oack  caaa  tka  alrfail  ckarO  c  la  oaaf  aa  tka  rotoraaaa 
loagtk  la  tka  gaaBOtrtc  gaflaltlaaa. 

2.1  farakallc  arc 

Iko  at  aorOkollc  arc  airfoil  of  oalt  ckorO  la  gaflaog  kjr  tka  agaatlaa 

a/c  •  «B.12(a/c>a-a/c) 

2.2  gkc*  kuooa 

Iko  oraiaotoo  for  tko  ayowtrlc  klCA  kaaflOl  airfoil  aro  glvaa  la  takU  1.  Iko  gokllakai  orglaataa 
of  tofotoaco  S  (».  U4)  kaoa  koao  aagHatoO  ky  olgkt  aao  orOlaatoo  to  tko  aaao  roglaa.  Ikaao  ofgltloaal 
golota  aro  takoo  froB  rofaraaco  2.  Iko  aooo  rogloo  la  0.00244c. 

2.1  g»Ck  444010 

Iko  orOlaatoo  for  tka  041*  iBao  Itoaaarcfc  Caator  aoOal  of  tko  OkCA  444010  airfoil  or*  gloaa  la  takU  2. 
Tkla  aalol  airfoil  kaa  ao  actaal  tklckaaoo  of  akoot  10.41. 

1.4  OkC*  0012 

Tka  OkC*  0012  airfoil  of  oait  ckoH  fa  4aocriko4  (rof.  1.  y.  Ill)  ky  tka  agoatloa 

a/c  -  4  0.4(0. /Ji  -  0.t24(a/c)  -  O.MUfa/c)^  *  0.2*4](a/c)*  >  0.10U(b/c>*) 

Tka  aooo  raOioa  ia  0.011041c. 


2.1  «*-*2 

Tko  MM-*)  airfoil  or«laatao  ara  glraa  ia  taklo  1.  Iko  4ata  for  tkla  O.ft-tklck  oagorcrttical  airfoil 
ooto  fatalako*  ky  OaooorackBltt-OiitkaB-kloka  QM).  Oiao  oMitloaal  polato  U  tko  aaao  ragloa  kaoa  kaoa 
takaa  fiOB  raforoaco  1.  Tka  Oaolga  coaOitioao  for  tkU  alHoll  ato  Hack  oMkor  of  0.141,  aagla  of  attack 
af  1.1*.  aa4  lift  caofficlaot  of  0.114.  Tko  aaao  ra4lao  U  0.0001c. 

2.4  00  *1 

Tko  00  *1  airfoil  orOloatoo  aro  gioaa  ia  taklo  4.  Tka  4ata  for  tkla  ll.Ot-tkick  ai^orcrltlcal  airfoil 
ooro  foralakoO  ky  Ooraiar.  Iko  airfoil  Ooalga  ia  4aocriko4  la  raforoaco*  4  aaO  1.  Tko  Oaolga  eoaOltloaa 
or*  Hack  aa^ar  of  0.14,  aa«lo  of  attack  of  aoro,  aaO  lift  coofficlaat  of  0.111.  Tko  aaao  raOla*  1* 

O.OtlV. 

1.1  «JI  1101 

Iko  orOlrMta*  for  'ko  OU  1101  alrfail  ara  gl«*a  la  taklo  1.  Tko  Oata  for  tkla  la.ll-tklck  aagar- 
crlUcal  airfoil  aar  iakaO  ky  tka  MatlaBaal  tacfct-aa  hrlBMoaartlakar'  'ariaa  (aji).  Ika  alrfail 

Oaaiga  la  OoocrtkaO  .  foraaco  4.  Tka  Oaaiga  caaOltioaa  ara  Hack  aMkar  1  0.121  aaO  aagla  of  attack 

of  -O.IO*. 


AMLTTlCkL  TtSr  C*m 


Tka  aotaOyaMic  coaOlUoaa  aai  tka  aaatralr  aatlooa  for  aaek  alrfail  ara  gtBM  la  eakla*  4  ca  12.  *a 
la  caataaary  la  tko  0.0.,  tka  raOacoO  fragaaacy  k  aaO  carraapoaOtag  aaaiiaaaaloaal  tlaa  t  aaa  Ik*  a«l- 
ckatO  c/2  m  rafaroaoa  loagtk.  4a  attaagt  ka*  kaaa  aaOa  t*  caoar  a  raag*  of  caaOltlaa*  far  aaok  rlaaa  of 
airfaU  akil*  at  tka  aaaa  tkw  llattlag  tka  total  awkar  af  caaa*.  Braortkalaa*.  tkara  at*  a  total  of  01 
caaa*  glaaa  la  tko  takla*.  la  aOOttlaa,  It  la  iii  iBtiilil  tkat  calcalatlaaa  of  tka  aaaa  ataa^  flaa 
(k  -  0)  k*  aaOa  for  aaok  of  tko  Motaai^  flaa  aaailtlaa*  aaalyaaO.  kkllakaO  ngirlaaattl  Oat 
aaaa  of  tka  oaaaa  gtoaai  la  atkor  caaaa.  taat*  kaoa  racaatly  kaoa  ea^lataO  or  ara  plaaaaOt  aaO  Ik 
caaa*.  It  U  aallkaly  tkat  ngirlaaotal  Oata  aill  k*  aaallakla. 


Ik*  oaaaa  aalaotoO  aUaa  fa*  a  ayataaatlt  varlatlaa  of  aaaatal  payatara  for  aaok  alrfail.  iBMaa 
tka  rtaaltl^  latg*  aa***  af  oaaaa  taaOa  t*  Halt  tka  oaafalaaaa  of  tfOaragoM  to  praalOlag^anpartM 

UklaTky**  aoMtiak.  kaa  kaaa  ckaaaa  far  prtartcy  aaalyaU.  Ikaaa  caaaa  prartO*  for  tka  OKtetlaa  af 
(frtgaaary.  aaO*  af  aattaa,  aaplltaOa.  Ikok  aa*at.  a*  layaalOa  aakar)  at  a  tlaa. 

af  at< 


aa  fallaaa.  Par  alrfail  pltak 
*(t)  •  ty^  ♦  ^  ala  •* 


ttVt/c  • 


Hm  tMta  0t  afvciftc  kMU  V  k«  1.4  ft  air 

hmmt4»rf  Ufmr  ttwMltlMi  f»Ut  ■liMl4  k«  •p«ctfte4. 
Um  r<Mlaka4  •^rlMical  44U. 


4Mlr<leal  Mat  caaaa  far  tlM  4t  yarakaltc  arc  alrfatl  ara  llata4  la  takla  4.  I 
ara  far  k  •  0.2  aa4  aaaaral  fra^aaartaa  far  M  >  0.0.  lha  Mack  aaiOari  UmIi 
«<alaaa  N  >  1.0  aa4  1.1.  Ika  fraiaaarlaa  caaar  a  rarr  larta  raapa  fta»  k  •  O.M 
^ttcktat  aa4  Maastat  aa4aa  af  aattaa  ara  laelaOaO.  la  a441tlaa  ta  calealatlaaa  far 
ttaaa  far  t  •  l.U  (aaarafrlata  far  Vraaa-11  la  tka  Nkflk  *~~i*~T  Tvaaaaalc  Ofaaatca 
Utaraac  far  cka  altckl^  alrfaU  (caaaa  1>0). 


<kM  a441tlaaal  caaa  far  ika  aarakallc  arc  alrfatl  la  tkat  af  tka  tklckaalaftklaalaa  alrfatl  at 
rafaraaca  7.  Ika  alrfatl  taciaaaaa  fraa  aata  ta  101  tklckaaaa  ta  ll>ckar4  laaptka  af  tcaaal  aaO  ckaa 
ratacaa  ta  aara  tklckaaaa  la  aaatkar  l$>ckar4  laaorka  af  traaal.  Ikta  la  tka  aaljr  caaa  laalaOaO  ta  Ckla 
rafart  la  iMklck  ae  lift  la  aMMrataO  aa4  la  aktck  Otatarkaacaa  awraack  aara  aa  tiaa  apftaackaa  laflalty. 
Ika  alrfatl  akaaa  la  alraa  k» 


0  t  <  0 

40.2(a/c)(l-a/a)Cl-T’(10  -  1ST  ♦  OT*)]  0  <  T  <  00 

0  T  t  00 


).]  HICO  044010 


taalyttcal  taat  caaaa  tar  tka  001*  4wa  kaOal  af  tka  MICO  044010  alrfatl  ara  lUtaO  la  takU  0. 

Ika  caaaa  aara  aalactaO  fraa  aa  aataaalaa  aat  af  aaaaaraaaata  racaatly  aa«placa4  at  tka  MOO*  laaa 
Oaaaarck  Oaatar.  Oafaraaca  %  ataaaata  a  aiMary  af  tkaaa  taata.  la  aack  caaa  tka  Mtck  aata  ta  at  tka 
aaartar  ckaaO  aaO  Mw  aaaa  aaola  at  attack  ta  aara.  44  H  •  0.0  a  raaoa  at  frataaarf  aaO  taa  akilttaOac 
aal  ikyaalTa  aMCkctfl  ara  glcaa. 


Tka  cvpar  UaOta  af  i  aarraaiaal  ta  tka  looai  Ualta  at  a  aal  tka  tiaal  pttak  tataa  a*  •  Ob<Ot 
Itaoa  ta  takla  9. 


rtlMl 


ircrtttaal  atrOatl  aat  llaaaO  la  takla  W.  Aa 


Tka  aaalrtlcal  caaaa  far  cka  mCA  044000  airfoil  ara  float  la  takla  7.  All  caaaa  aaa  far  tka 
alrfatl  vltk  fta|>  oaclllatlaf  akoat  aara  aaaa  flat  foaltlaa  aa4  tick  aara  aafla  at  attack.  natMari 
varlatlaa  la  laclo4a4  at  floa  Mack  aaakara  la  tka  raa«t  0.00  <  N  <  0.90  aa4  alaa  aiflltala  oartattaa 
at  raa  Hack  aaakara.  kifarlkaatal  taaalta  far  tkaaa  caaaa  ara  rofortaO  la  rafaraaca  0.  Traaatttaa  aaa 
tlaaO  at  a/c  *  0.1  aa  affar  aa4  laaar  aartacaa. 


S.4  MCA  OOU 


Ika  aaalytlcal  caaaa  far  tka  MICA  OOU  alrfatl  ara  ftaaa  ta  takla  9.  Ika 
frck  tfaa  traaatttaa  aafartaaata  aakaafaaat  ta  tka  ftallalaary  taaalta  rafrrtai 
ftrat  faar  caaaa  ara  far  fltck  aactllatlaa  aal.  attk  kaUaaftar  tataraata  la  al 
caaaa  far  a  arokatrlc  alrfatl  attk  alaakla  aaaa  aaflaa  aal  aactllatlaa  aoUta 
ta  for  aarlllattaa  aaflltaO*  a^  •  0,  kat  a  aaall  aalaa  af  a^  ■  O.tS  aar  ka  k 

aackal  rafolraa  It. 


a(T)  -  O.flOOOOtS  r*(72>T) 
a(T)  •  0.0000011  T>(S70-T) 
a(t)  •  O.OOOOS19  TlfiSO.^) 


0  1  r  <  M.O 
0  <  t  <  IM.S 
0<  tlM.l 


4 


••1«cm4  rtfWft  VMlattoM  t«  M  m4  ^  ak*«C  tha  4aat^  ^iac  (M  •  •.74S,  a  >  t.S*).  lack  ^ttch 

aa4  (^laaga  aia  iaela4a4.  la  a44ttUa,  (la^aaaey  ta  «a*ta4  a*  ta  k  ■  0.9  aa4,  aa  far  Cka 

prrtkalto  arc.  NMk  awkara  0.9.  i.O,  mi  1.1  ata  laclafaf  aa  a  ckallaata  to  tkaaraclctaaa.  b^rl- 
aaatal  raaalta  ata  (taca  la  lafaraaca  10. 

).«  DO  A1 

kaalfttcal  caaaa  far  tha  00  41  acyarcritlaal  alrfall  ara  glaaa  ta  tabla  11.  Dltcklat  oaclUaCtoaa 
far  caaaa  aatr  aaar  tha  Oaalfo  aalat  (M  >  0.».  a  >  0  )  oara  aalactaO.  DraaUlaa  la  aaOa  far  aarUtlaaa 

of  OaoaalOa  aaiOar  aaf  at  aaaa  larHaaca  ta  tha  raaga  -0.9*  1^1  • 

9.7  u  not 

lha  aaalrttcal  caaaa  tar  tha  lUI  7101  ai^rcrlttcal  atrfatl  ara  llataO  la  tabla  12.  Ikrao  flow 
rootaaa  ata  raaraaaataOt  aiAcrtttcal  fla*  (M  >  0.9.  a  •  0.4*).  flaw  with  a  atra^  aback  waca  (M  •  0.7. 
a  -  2*>.  aaO  tha  Oaalfa  ralat  (N  •  0.721.  a  •  -0.19*). 

Ihia  alrfatl  baa  tha  4taclactlca  Mtab  aata  a  >  0.4c.  lha  caaaa  laelaOa  twa  aaolltaOaa  af  oltak 
aactUatlaa  aa4  fraaaaaclaa  or  ta  k  >  0.491.  la  awtloa.  tbara  ara  five  caaaa  af  fl^  aaclUatlaa  ta 
tha  aaaa  flaw  rattaaa.  laparlaaatil  raaalta  ara  awatlahla  la  rafaraaca  0.  Traaaltlaa  waa  flaaO  at 
a/c  «  0.1  aa  both  opfar  aaO  lawar  awrfacaa. 

4.  oKwomBanooi  dob  urooinB  uootn 


4tthaw|fi  It  la  lapwaathla  ta  ra^ra  a  alatla  mtfara  faraat  far  taoartlao  raaalta  abtalaaO  fraa 
Otffaraat  aaaljrtlcal  aathafa.  aa  aack  oalfaiatti  aa  ta  ocactlcal  will  carcalalir  aahaaea  tha  caayarlaaaa 
batwaaa  warloaa  lawaattgattawa  that  thla  40400  activity  la  faalaaaf  ta  yccaata.  la  aay  caaa.  wa  apala 
wr«a  that  aweh  Oatatla  aa  alfa  coawaatlaaa.  Mlta.  aa4  BnaffaaaaloaaHalaa  factara  ha  claarly  rayartaO. 

lha  nrcaaaciii  OoflaltlooB  mi  alpi  caawaatlaaa  for  yraaawrc .  forca.  aa4  aaaaat  coafftclaata  ara 
ihaiai  ta  flyara  2.  la  caayarlM  raaalta  fraa  althar  Olffaraat  aathafa  ar  fraa  tha  aaaa  aaallaaat  aatbaf 
at  flffatwac  aaylltwfaa.  It  la  faatrahla  to  anaflaaaalnaaltaa  fwrthar  by  ftvlflat  tha  yraaaaro  eeofflclaat. 
aay,  by  tha  aaylltofa.  la  thla  caaa,  a  ayi^l  auch  aa  C  /a  ahawlf  ba  waaf  for  tha  yraaawra  caafflclaat 
yar  raftaa.  *  * 

la  waataafy  aarofyaaaica  the  caafflclaata  ara,  of  cawraa,  fwacttaaa  of  tlaa.  lha  aarealaatielaa  baa 
trafltloaally  wachaf  with  caaylaa  caafflclaata  for  kacaaatc  aatlaa.  Ihoaa  aay  ba  acyraacaf  aa  real  (la- 
yhaaa  with  tha  aatlaa)  aaf  laaglaary  yarta,  ar.  altaraatlwaly,  aa  aayaltwfa  aaf  ybaaa .  Oar  aaallaaar 
aarafyaaalca,  thla  cayraaaatatloo  la  laafaaoata.  la  yaoaral,  tha  caafflclaata  ara  eeaywtaf  aa  fwaetloaa 
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